






vocabulary fischer_types
2 t y p e s process,

PcValue enumeration [ pc_rem, pc_test, pc_set, pc_check,
4 pc_leavetry, pc_crit, pc_leaveexit, pc_reset]

6 automaton fischer(l_check, u_set: Real) where
u_set l_check u_set 0 l_check 0

8 imports fischer_types
s i g n a t u r e

10 output try(i: process) i n t e r n a l test(i: process)
output crit(i: process) i n t e r n a l set(i: process)

12 output exit(i: process) i n t e r n a l check(i: process)
output rem(i: process) i n t e r n a l reset(i: process)

14 s t a t e s
turn: Null[process] : nil,

16 now: Real : 0,
pc: Array[process, PcValue] : constant(pc_rem),

18 last_set: Array[process, AugmentedReal] : constant(u_set),
first_check: Array[process, Real] : constant(0)

20 t r a n s i t i o n s
i n t e r n a l test(i) i n t e r n a l reset(i)

22 pre pc[i] pc_test pre pc[i] pc_reset
e f f i f turn nil then e f f pc[i] : pc_leaveexit;

24 pc[i] : pc_set; turn : nil;
last_set[i] :

26 now + u_set output try(i)
f i pre pc[i] pc_rem

28 e f f pc[i] : pc_test
i n t e r n a l set(i)

30 pre pc[i] pc_set output crit(i)
e f f turn : embed(i); pre pc[i] pc_leavetry

32 pc[i] : pc_check; e f f pc[i] : pc_crit
last_set[i] : \infty;

34 first_check[i] : output exit(i)
now + l_check; pre pc[i] pc_crit

36 e f f pc[i] : pc_reset
i n t e r n a l check(i)

38 pre pc[i] pc_check output rem(i)
first_check[i] now pre pc[i] pc_leaveexit

40 e f f i f turn embed(i) then e f f pc[i] : pc_rem;
pc[i] : pc_leavetry

42 e l s e
pc[i] : pc_test

44 f i ;
first_check[i] : 0;

46
t r a j e c t o r i e s

48 t r a j d e f traj
i n v a r i a n t now 0

50 s to p when
i: process (now last_set[i])

52 e v o l v e
d(now) 1



i n v a r i a n t o f fischer:
2 k: process (pc[k] pc_set

(last_set[k] (now + u_set)))
4 i n v a r i a n t o f fischer:

k: process (now last_set[k])
6 i n v a r i a n t o f fischer:

k: process
8 (pc[k] pc_set last_set[k] \infty)

i n v a r i a n t o f fischer:
10 i: process j: process

(pc[i] pc_check
12 turn embed(i)

pc[j] pc_set
14 first_check[i] last_set[j])

i n v a r i a n t o f fischer:
16 i: process j: process

(pc[i] pc_leavetry pc[i] pc_crit
18 pc[i] pc_reset

turn embed(i) pc[j] pc_set)
20 i n v a r i a n t o f fischer:

i: process j: process
22 (i j pc[i] pc_crit pc[j] pc_crit)

Inv_0(s:states):bool =
2 FORALL (k: process):

pc(s)(k) = pc_set => last_set(s)(k) <= fintime(now(s) + u_set)
4

Inv_1(s:states):bool =
6 FORALL (k: process): fintime(now(s)) <= last_set(s)(k)

8 Inv_2(s:states):bool =
FORALL (k: process): pc(s)(k) = pc_set => last_set(s)(k) /= infinity

10
Inv_3(s:states):bool =

12 FORALL (i: process, j: process):
pc(s)(i) = pc_check AND turn(s) = up(i) AND pc(s)(j) = pc_set

14 => fintime(first_check(s)(i)) > last_set(s)(j)

16 Inv_4(s:states):bool =
FORALL (i: process, j: process):

18 pc(s)(i) = pc_leavetry OR pc(s)(i) = pc_crit OR pc(s)(i) = pc_reset
=> turn(s) = up(i) AND pc(s)(j) /= pc_set

20
Inv_5(s:states):bool =

22 FORALL (i: process, j: process):
i /= j => pc(s)(i) /= pc_crit OR pc(s)(j) /= pc_crit







f i s c h e r d e c l s : THEORY BEGIN
2 [ . . . ]

l c h e c k : r e a l
4 u s e t : r e a l

c o n s t f a c t s : AXIOM
6 u s e t l c h e c k AND u s e t = 0 AND l c h e c k = 0

8 s t a t e s : TYPE = [ #
t u r n : l i f t [ p r o c e s s ] ,

10 now : r e a l ,
pc : a r r a y [ p r o c e s s PcValue ] ,

12 l a s t s e t : a r r a y [ p r o c e s s t im e ] ,
f i r s t c h e c k : a r r a y [ p r o c e s s r e a l ] # ]

14
s t a r t ( s : s t a t e s ) : boo l = s =s WITH [

16 t u r n : = bot tom ,
now : = 0 ,

18 pc : = ( lambda ( i 0 : p r o c e s s ) : pc rem ) ,
l a s t s e t : =

20 ( lambda ( i 0 : p r o c e s s ) : f i n t i m e ( u s e t ) ) ,
f i r s t c h e c k : = ( lambda ( i 0 : p r o c e s s ) : 0 ) ]

22
f t y p e ( i , j : ( f i n t i m e ? ) ) :

24 TYPE = [ ( i n t e r v a l ( i , j )) s t a t e s ]

26 a c t i o n s : DATATYPE BEGIN
n u t r a j ( d e l t a t : t : ( f i n t i m e ? ) du r ( t ) =0 ,

28 F : f t y p e ( ze r o , d e l t a t ) ) : n u t r a j ?
t r y ( i : p r o c e s s ) : t r y ? c r i t ( i : p r o c e s s ) : c r i t ?

30 s e t ( i : p r o c e s s ) : s e t ? check ( i : p r o c e s s ) : check ?
rem ( i : p r o c e s s ) : rem ? r e s e t ( i : p r o c e s s ) : r e s e t ?

32 e x i t ( i : p r o c e s s ) : e x i t ? t e s t ( i : p r o c e s s ) : t e s t ?
END a c t i o n s

34
v i s i b l e ? ( a : a c t i o n s ) : boo l =

36 t r y ? ( a ) OR c r i t ? ( a ) OR e x i t ? ( a ) OR rem ? ( a )
t i m e p a s s a g e a c t i o n ? ( a : a c t i o n s ) : boo l = n u t r a j ? ( a )

38 l e n g t h ( a : ( t i m e p a s s a g e a c t i o n ? ) ) : r e a l =
dur ( d e l t a t ( a ) )

40
t r a j i n v a r i a n t ( a : ( t i m e p a s s a g e a c t i o n ? ) ) ( s : s t a t e s ) :

42 boo l = CASES a OF n u t r a j ( d e l t a t , F ) :
now ( s ) = 0 ENDCASES

44 t r a j s t o p ( a : ( t i m e p a s s a g e a c t i o n ? ) ) ( s : s t a t e s ) : boo l =
CASES a OF n u t r a j ( d e l t a t , F ) :

46 EXISTS ( i : p r o c e s s ) :
f i n t i m e ( now ( s ) ) = l a s t s e t ( s ) ( i )

48 ENDCASES
t r a j e v o l v e ( a : ( t i m e p a s s a g e a c t i o n ? ) ) ( t : ( f i n t i m e ? ) ,

50 s : s t a t e s ) : s t a t e s =
CASES a OF n u t r a j ( d e l t a t , F ) :

52 s WITH [ now : = now ( s ) + 1 dur ( t ) ]
ENDCASES

54
e n a b l e d ( a : a c t i o n s , s : s t a t e s ) : boo l =

56 CASES a OF
n u t r a j ( d e l t a t , F ) :

58 (FORALL ( t : ( i n t e r v a l ( ze r o , d e l t a t ) ) ) :
t r a j i n v a r i a n t ( a ) ( F ( t ) ) )

60 AND ( FORALL ( t : ( i n t e r v a l ( ze r o , d e l t a t ) ) ) :
t r a j s t o p ( a ) ( F ( t ) ) = t = d e l t a t )

62 AND ( FORALL ( t : ( i n t e r v a l ( ze r o , d e l t a t ) ) ) :
F ( t ) = t r a j e v o l v e ( a ) ( t , s ) ) ,

64 t r y ( i ) : pc ( s ) ( i )= pc rem , e x i t ( i ) : pc ( s ) ( i )= p c c r i t ,
t e s t ( i ) : pc ( s ) ( i )= p c t e s t , s e t ( i ) : pc ( s ) ( i )= p c s e t ,

66 c r i t ( i ) : pc ( s ) ( i )= p c l e a v e t r y ,
rem ( i ) : pc ( s ) ( i )= p c l e a v e e x i t ,

68 check ( i ) : pc ( s ) ( i ) = pc check AND
f i r s t c h e c k ( s ) ( i ) = now ( s ) ,

70 r e s e t ( i ) : pc ( s ) ( i ) = p c r e s e t
ENDCASES

72
t r a n s ( a : a c t i o n s , s : s t a t e s ) : s t a t e s = CASES a OF

74 n u t r a j ( d e l t a t , F ) : F ( d e l t a t ) ,
t r y ( i ) : s WITH [ pc := pc ( s ) WITH [ ( i ) : = p c t e s t ] ] ,

76 c r i t ( i ) : s WITH [ pc := pc ( s ) WITH [ ( i ) : = p c c r i t ] ] ,
e x i t ( i ) : s WITH [ pc := pc ( s ) WITH [ ( i ) : = p c r e s e t ] ] ,

78 rem ( i ) : s WITH [ pc := pc ( s ) WITH [ ( i ) : = pc rem ] ] ,
t e s t ( i ) : s WITH

80 [ l a s t s e t : = IF t u r n ( s ) = bot tom THEN
l a s t s e t ( s ) WITH [ ( i ) : = f i n t i m e ( now ( s )+ u s e t ) ]

82 ELSE l a s t s e t ( s ) ENDIF ,
pc : = IF t u r n ( s ) = bot tom THEN

84 pc ( s ) WITH [ ( i ) : = p c s e t ] ELSE pc ( s ) ENDIF ] ,
s e t ( i ) : s WITH [ t u r n : = up ( i ) ,

86 l a s t s e t : = l a s t s e t ( s ) WITH [ ( i ) : = i n f i n i t y ] ,
f i r s t c h e c k : = f i r s t c h e c k ( s ) WITH

88 [ ( i ) : = now ( s ) + l c h e c k ] ,
pc : = pc ( s ) WITH [ ( i ) : = pc check ] ] ,

90 check ( i ) : s WITH
[ f i r s t c h e c k : = f i r s t c h e c k ( s ) WITH [ ( i ) : = 0 ] ,

92 pc : = IF t u r n ( s ) = up ( i ) THEN
pc ( s ) WITH [ ( i ) : = p c l e a v e t r y ]

94 ELSE pc ( s ) WITH [ ( i ) : = p c t e s t ] ENDIF ] ,
r e s e t ( i ) : s WITH [ t u r n : = bot tom ,

96 pc : = pc ( s ) WITH [ ( i ) : = p c l e a v e e x i t ] ]
ENDCASES

98
IMPORTING t i m e d a u t o l i b @ t i m e m a c h i n e

100 [ s t a t e s , a c t i o n s , enab l ed , t r a n s , s t a r t , v i s i b l e ? ,
t i m e p a s s a g e a c t i o n ? , l e n g t h ]

102 END f i s c h e r d e c l s







traj_invariant(a:(timepassageaction?))(s:states):bool = CASES a OF
nu_traj1(delta_t, F): . . .,
nu_traj2(delta_t, F): . . .

ENDCASES

traj_stop(a:(timepassageaction?))(s:states):bool = CASES a OF
nu_traj1(delta_t, F): . . .,
nu_traj2(delta_t, F): . . .

ENDCASES

traj_evolve(a:(timepassageaction?))(t:(fintime?), s:states):states = CASES a OF
nu_traj1(delta_t, F): s WITH [ . . . ],
nu_traj2(delta_t, F): s WITH [ . . . ]

ENDCASES

enabled(a:actions, s:states):bool = CASES a OF
nu_traj1(delta_t, F):
(FORALL (t:(interval(zero,delta_t))): traj_invariant(a)(F(t)))

AND (FORALL (t:(interval(zero,delta_t))):
traj_stop(a)(F(t)) => t = delta_t)

AND (FORALL (t:(interval(zero,delta_t))):
F(t) = traj_evolve(a)(t, s)),

nu_traj2(delta_t, F):
(FORALL (t:(interval(zero,delta_t))): traj_invariant(a)(F(t)))

AND (FORALL (t:(interval(zero,delta_t))):
traj_stop(a)(F(t)) => t = delta_t)

AND (FORALL (t:(interval(zero,delta_t))):
F(t) = traj_evolve(a)(t, s)),

. . .
ENDCASES
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